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[57] ABSTRACT 

A frequency translation circuit (10) translates an incoming 
reference signal (RF^) to a lower frequency using a com- 
pound mixer circuit (42). The compound mixer circuit (42) 
has a first mixer circuit (14A) that receives both the incom- 
ing reference signal (RF /JV ) and a signal generated by a first 
counter (28 A). A second mixer circuit (14X) of the com- 
pound mixer circuit (42) receives a signal generated by a 
second counter (28X) and further translates the signal 
received from the first mixer circuit (14A) to a lower 
frequency. Both the first mixer circuit (14A) and the second 
mixer circuit (14X) generate output signals having a carrier 
frequency that is lower in frequency by the difference of the 
two input signals. 

4 Claims, 3 Drawing Sheets 
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FREQUENCY TRANSLATION CIRCUIT AND 
METHOD OF TRANSLATING 

BACKGROUND OF THE INVENTION 

The present invention relates, in general, to integrated 
circuits and, more particularly, to integrated mixer circuits 
for providing frequency translation. 

In electronic systems such as cellular or wireless 
telephones, a frequency relationship exists between an 
incoming signal and a signal generated by a Local Oscillator 
(LO). The incoming signal can be a modulated signal 
containing information that is recovered in a receiver of the 
electronic system. The modulated signal and the signal 
generated by the LO can be mixed to translate the carrier 
frequency of the modulated signal from the Radio Fre- 
quency (RF) range to a signal having a frequency in an 
Intermediate Frequency (IF) range. 

Typically, the signal generated by the LO has a large 
amplitude compared to the amplitude of the received incom- 
ing signal. A high amplitude incoming signal can affect the 
frequency of the LO signal and "pull" the frequency of the 
LO signal away from a desired nominal frequency and 
toward the frequency of the incoming signal. Generally, the 
frequency of the signal generated by the LO is substantially 
independent of the frequency of the incoming signal. 
Alternatively, the amplitude of the incoming signal can 
affect the impedance of a tank circuit that defines the 
frequency of the LO signal. The change in impedance of the 
tank circuit "pushes" the frequency of the LO signal away 
from the frequency of the incoming signal. To prevent either 
"pulling" or "pushing" of the LO signal frequency away 
from the desired nominal frequency, the amplitude of the 
received incoming signal should be low and the frequencies 
of the incoming signal and the LO signal should be far apart. 

Accordingly, it would be advantageous to have a method 
and a receiver circuit for translating the frequency of the 
incoming signal. It would be of further advantage to have the 
receiver circuit operate with an LO signal that has a fre- 
quency substantially different from the frequency of the 
incoming signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a frequency translation 
circuit in accordance with a first embodiment of the present 
invention; 

FIG. 2 is a block diagram of a frequency translation 
circuit in accordance with a second embodiment of the 
present invention; 

FIG. 3 is a block diagram of a frequency translation 
circuit that includes a compound mixer in accordance with 
the present invention; 

FIG. 4 is a schematic diagram of the compound mixer of 
FIG. 3; and 

FIG 5 is a schematic diagram of a quadrature compound 
mixer circuit in accordance with the present invention. 

DETAILED DESCRIPTION OF THE DRAWINGS 

Generally, the present invention provides frequency trans- 
lation of an incoming reference signal using a local 
oscillator, a divide-by-N counter, and a plurality of mixer 
circuits. The configuration of the frequency translation cir- 
cuit allows multiple mixer circuits to be arranged such that 
the number of components is reduced. 

FIG. 1 is a block diagram of a frequency translation 
circuit 10 in accordance with the present invention. Fre- 



W,846 

2 

quency translation circuit 10 is also referred to as a fre- 
quency translator circuit or a frequency converter. Fre- 
quency translation circuit 10 has an input for receiving a 
reference signal RF fN and an output for supplying a signal 

5 IF OU7 * Included in frequency translation circuit 10 is a 
compound mixer 12 having mixer circuits 14A and 14B. 
Frequency translation circuit 10 further includes a counter 
28 and a phase shifter 30. 

Compound mixer 12 has input terminals 18, 20 and 22, 

30 and an output terminal 24. Mixer circuit 14A has one input 
terminal connected to terminal 18 and another input con- 
nected to terminal 20. An output of mixer circuit 14A is 
connected to a first input of mixer circuit 14B. A second 
input of mixer circuit 14B is connected to terminal 22. An 

15 output of mixer circuit 14B is connected to terminal 24 of 
compound mixer 12. A reference signal RF W is received at 
input terminal 18 and an output signal \F OUT is generated at 
terminal 24 of compound mixer 12. 
Translation circuit 10 further includes a local oscillator 26 

20 that generates the signal V C5C . Local oscillator 26 has an 
output that is commonly connected to terminal 20 of com- 
pound mixer 12 and to a first input of a counter 28. Asecond 
input of counter 28 is coupled for receiving a select signal 
N^. An output of counter 28 is connected to an input of a 

25 phase shifter 30. An output of phase shifter 30 is connected 
to terminal 22 of compound mixer 12. 

In operation, mixer circuit 14A provides an output signal 
lF aUT whose carrier frequency is shifted relative to that of 

3Q the input signal RF JN by an amount equal to the frequency 
V asc of local oscillator 26. More particularly, mixer circuit 
14A multiplies the signal RF,^ by the signal V 0 ^ c to provide 
an output signal that is translated to a higher or lower 
frequency. Counter 28 is a divide-by-N counter that reduces 

35 the frequency of the signal V 05C in accordance with select 
signal N.re,,. Thus, counter 28 divides the signal V os . c by an 
integer "N" to produce a counter output signal. When the 
integer "N" is 2, 4, 8, etc., counter 28 produces a counter 
output signal that is respectively one -half, one- fourth, one- 

4Q eighth, etc., the frequency of the signal V osc . Although the 
relationship between the frequency of the signal V 0 sc ancl 
the frequency of the signal at the output terminal of counter 
28 has been shown to be a binary relationship, it should be 
understood this is not a limitation of the present invention. 

45 The output signal of counter 28 is then phase shifted by 
phase shifter 30 and transmitted to terminal 22 of compound 
mixer 12. Typically, counter 28 generates an output signal 
that is either in phase with the signal V OJC or that lags the 
signal V osc by 90°. Thus, phase shifter 30 phase shifts the 

50 output signal from counter 28 by either 0° or 90°, relative to 
signal V osc , and transmits the phase shifted signal to 
terminal 22 of compound mixer 12. In general, phase shifter 
30 generates an output signal that can vary over a range of 
frequency values, wherein the output signal has a desired . 

5S phase relationship with respect to the signal V OJC . 

Mixer circuit 14B provides an output signal \F OUT whose 
carrier frequency differs from that of the input signal 
received from mixer circuit 14A by an amount equal to the 
frequency generated by counter 28. In other words, mixer 

60 circuit 14B provides an output signal \F OUT that is translated 
to a lower frequency in accordance with the signal generated 
by counter 28. Thus, compound mixer 12 translates the 
signal RF^ whose carrier frequency is in the Radio Fre- 
quency (RF) range to the signal \F OUT whose carrier fre- 

65 quency is shifted to the Intermediate Frequency (IF) range. 
TABLE 1 lists examples of select signal (N^J values for 
counter 28 and operating frequencies for signals at terminals 
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18, 20, 22, and 24 of compound mixer 12. In particular, the 
first two rows of TABLE 1 illustrate examples in which an 
intermediate frequency of 100 MHz is desired and the last 
two rows of TABLE 1 illustrate examples in which an 
intermediate frequency of 300 MHz is desired. 5 

TABLE 1 



10 





SIGNAL AT 


SIGNAL AT 


SIGNAL AT 


SIGNAL AT 


VALUE OF 


TERMINAL 


TERMINAL 


TERMINAL 


TERMINAL 




18 


20 


22 


24 


INFINITE 


900 MHz 


1 GHz 


CONSTANT 


100 MHz 


1 


1900 MHz 


1 GHz 


1 GHz 


100 MHz 


4 


900 MHz 


800 MHz 


200 MHz 


300 MHz 


1 


1900 MHz 


800 MHz 


800 MHz 


300 MHz 



For example, when signal RF W appearing at input termi- 
nal 18 of compound mixer 12 has a frequency of 900 
MegaHertz (MHz) and signal V osc appearing at terminal 20 
has a frequency of 1 GigaHertz (GHz), mixer circuit 14A 2 o 
generates an output signal having a frequency that is the 
difference between 1 GHz and 900 MHz, i.e., a frequency of 
100 MHz. The value of select signal for divide -by-N 
counter 28 is chosen to be very large, e.g., approaching 
infinite. Thus, the output signal of counter 28 has a steady 25 
state or constant value. The constant value provided at input 
terminal 22 of compound mixer 12 causes the output signal 
of mixer circuit 14A to be transferred to terminal 24 of 
compound mixer 12. In other words, mixer circuit 14B does 
not translate the 100 MHz signal received from mixer circuit 30 
14A, but rather transfers the 1 00 MHz signal to terminal 24, 
where it becomes output signal lF OUT . 

Now referring to row 2 of TABLE 1 for a second example, 
signal RFj^ appearing at input terminal 18 of compound 
mixer 12 has a frequency of 1900 MHz, signal V osc 35 
appearing at terminal 20 has a frequency of 1 GHz, and the 
value of select signal N SEL is 1. Under these operating 
parameters, mixer circuit 14A generates an output signal 
having a frequency that is the difference between 1900 Mhz 
and 1 GHz, i.e., a frequency of 900 MHz. Because the value 40 
of select signal N SEL is 1, counter 28 generates an output 
signal having the same frequency as the input signal. In 
other words, mixer circuit 14B receives an input signal 
having a frequency of 900 MHz from mixer circuit 14A and 
a signal having a frequency of 1 GHz at terminal 22. Mixer 45 
circuit 14B generates an output signal lF OVT having a 
frequency that is the difference between 1 GHz and 900 
MHz, i.e., a frequency of 100 MHz. 

Now referring to row 3 of TABLE 1 for a third example, 
signal RF W appearing at input terminal 18 of compound 50 
mixer 12 has a frequency of 900 MHz, signal V 05 . c appear- 
ing at terminal 20 has a frequency of 800 MHz, and select 
signal U SSL has a value of 4. Under these operating 
parameters, mixer circuit 14A generates an output signal 
having a frequency that is the difference between 900 MHz 55 
and 800 MHz, i.e., a frequency of 100 MHz. Because the 
value of select signal is 4, counter 28 generates an 
output signal having a frequency of 200 MHz. Thus, mixer 
circuit 14B receives an input signal having a frequency of 
100 MHz from mixer circuit 14A and a signal having a 50 
frequency of 200 MHz at terminal 22. Mixer circuit 14B 
generates an output signal \F OUT having a frequency that is 
the sum of the frequencies 100 MHz and 200 MHz, i.e., a 
frequency of 300 MHz. 

Now referring to row 4 of TABLE 1 for a fourth example, 65 
signal RF W appearing at terminal 18 of compound mixer 12 
has a frequency of 1900 MHz, signal 

^osc appearing at 



terminal 20 has a frequency of 800 MHz, and select signal 
Nsej. nas a value of 1. Under these operating parameters, 
mixer circuit 14A generates an output signal having a 
frequency that is the difference between 1900 MHz and 800 
MHz, i.e., a frequency of 1100 MHz. Because the value of 
select signal is 1, counter 28 generates an output signal 
having a frequency of 800 MHz. Thus, mixer circuit 14B 
receives an input signal having a frequency of 1100 MHz 
from mixer circuit 14A and a signal having a frequency of 
800 MHz at terminal 22. Mixer circuit 14B generates an 
output signal lF OUT having a frequency that is the difference 
between 1100 MHz and 800 MHz, i.e., a frequency of 300 
Mhz. 

As those skilled in the art are aware, mixer circuits such 
as mixer circuits 14A and 14B generate both sum and 
difference signals. The choice of which signal to select is a 
design choice and is accomplished by coupling a filter 
circuit (not shown) to the mixer circuit. Thus, the filter 
circuit used to obtain the results of row 3 of TABLE 1 selects 
the summed signal and the filter circuit used to obtain the 
results of rows 1, 2, and 4 of TABLE 1 selects the difference 
signals. 

Thus, comparing the first and second rows of TABLE 1 
shows that for an input frequency of either 900 MHz or 1900 
MHz, the signal l¥ OUT has a frequency of 100 MHz when 
the value of select signal approaches infinity or is one, 
respectively. Comparing the third and fourth rows of 
TABLE 1 shows that for an input frequency of either 900 
MHz or 1900 MHz, the signal l¥ OUT has a frequency of 300 
MHz when the value of select signal of counter 28 is 
four or one, respectively. Selecting select signal to 
have a value between 1 and infinity allows dual-band 
operation in translating either of the selected signals in the 
RF frequency range to a signal in the IF frequency range. 
Thus, frequency translation circuit 10 provides an integrat- 
able solution for providing dual-band frequency translation. 

FIG. 2 is a block diagram of frequency translation circuit 
10 in accordance with a second embodiment of the present 
invention. It should be noted that the same reference num- 
bers are used in the figures to denote the same elements. In 
the second embodiment, the output of counter 28 is coupled 
to terminal 20 of compound mixer 12 via phase shifter 30. 
Further, the output of local oscillator 26 is commonly 
connected to terminal 22 of compound mixer 12 and to a first 
input of counter 28. A second input of counter 28 is coupled 
for receiving select signal N^. An output of counter 28 is 
connected to the input of phase shifter 30. The output of 
phase shifter 30 is connected to terminal 20 of compound 
mixer 12. Terminals 18 and 24 of compound mixer 12 are 
coupled for receiving the reference signal RF W and supply- 
ing the signal IF OLrr , respectively. 

In operation, mixer circuit 14A provides an output signal 
whose carrier frequency differs from thai of the input signal 
RF /A , by the frequency of the signal generated by counter 28. 
In other words, mixer circuit 14A receives the input signal 
RFj^ and provides an output signal that is translated to a 
lower frequency in accordance with the frequency of the 
signal generated by counter 28. The signal at the output of 
counter 28 has a frequency that is selected in accordance 
with select signal N^. Mixer circuit 14B provides an 
output signal lF ol/7 . whose carrier frequency differs from 
that of the input signal received from mixer circuit 14A by 
an amount equal to the frequency of the signal V G5C . In 
other words, mixer circuit 14B provides an output signal 
IF our that is translated to a lower frequency in accordance 
with the signal V^^. The second embodiment of frequency 
translation circuit 10 is similar to the first embodiment in 
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that the values of select signal between one and infinity 
allow dual-band frequency translation from the RF fre- 
quency range to a lower frequency range. 

FIG. 3 is a block diagram of a generalized frequency 
translation circuit 40 in accordance with the present inven- 
tion. Frequency translation circuit 40 includes a compound 
mixer circuit 42 that is comprised of a plurality of mixer 
circuits 14A, 14B, . . . , and 14X, a transconductance circuit 
58, and an output circuit 74. The letters A, B, . . . , and X 
appended to the number 14 indicate that a plurality of mixer 
circuits can be included in frequency translation circuit 40. 
It should be noted that the number of mixer circuits included 
in compound mixer circuit 42 is not a limitation of the 
present invention and that the letter "X" indicates that any 
number of mixer circuits can be included in compound 
mixer circuit 42. Compound mixer circuit 42 has terminals 
48, 50, 52, and 56 that serve as input terminals of compound 
mixer circuit 42 and a terminal 54 that serves as an output 
terminal. Mixer circuit 42 receives a reference signal RF /JV 
at terminal 48 and transmits an output signal VF OUT at 
terminal 54. 

More particularly, transconductance circuit 58 has an 
input coupled for receiving the signal RF^. Mixer circuit 
14Ahas a first input connected to terminal 50 and a second 



single-ended inputs and outputs for simplicity. However, the 
signals RF /Ar , V osc , and \F OUTt among others, may be 
differential signals. Thus, the present invention is not limited 
to operating with single -ended signals. 

5 FIG. 4 is a schematic diagram of compound mixer circuit 
42 of FIG. 3 in a differential configuration. Compound mixer 
circuit 42 includes mixer circuits 14A, 14B, . . . , and 14X 
in a stacked configuration. Each mixer circuit 14A, 14B, . . 
. , and 14X includes two differential pairs of NPN bipolar 

10 transistors. More particularly, mixer circuit 14A has termi- 
nals 51A and 51B that are current output terminals for 
supplying a current and terminals 49A and 49 B that are 
current input terminals for receiving a current. The letters A 
and B have been appended to reference numbers 49 and 51 

15 to indicate differential signals. Mixer circuit 14A includes 
transistors 66Aand 68A connected as a first differential pair 
and transistors 70A and 72 A connected as a second differ- 
ential pair. 

Transistors 66Aand 68Ahave emitters that are commonly 
connected to each other and serve as terminal 49 A. Tran- 
sistors 70A and 72A have emitters that are commonly 
connected to each other and serve as terminal 49 B. Tran- 
sistors 66A and 70A have bases that are commonly con- 



20 



input connected to an output of transconductance circuit 58. 25 nected to each ° th ? and serve as terminal 50A of compound 



An output of mixer circuit 14A is connected to a first input 
of mixer circuit 14B. A second input of mixer circuit 14B is 
connected to terminal 52 of compound mixer circuit 42. 
Mixer circuit 14X has a first input coupled to an output of 
the preceding mixer circuit and a second input connected to 30 
terminal 56 of compound mixer circuit 42. An output of 
mixer circuit 14X is connected to an input of output circuit 
74. An output of output circuit 74 is connected to terminal 
54 of compound mixer circuit 42. It should be noted that the 
ellipses in FIG. 3 indicate that there may be one or more 
mixer circuits, phase shifters, and counters. 

In addition, frequency translation circuit 40 includes a 
local oscillator 26 that generates the signal V 0 sc> Local 
oscillator 26 has an output that is commonly connected to a 
first input of counters 28A, 28B, . . . , and 28X. Second 
inputs of counters 28A, 28B, . . . , and 28X are coupled for 
receiving a select signal N SELA , N SELB , . . . , N ffiljr > 
respectively. The outputs of counters 28A, 28B, . . . , and 
28X are connected to corresponding inputs of phase shifters 
30A, 30B, . . . , and 30X. The outputs of phase shifters 30A, 45 
30B, . . . , and 30X are connected to the respective terminals 
50, 52, . . . , 56 of compound mixer circuit 42. When 
frequency translation circuit 40 has, for example, two mixer 
circuits, compound mixer circuit 42 has input terminals 48, 
50, 56, and an output terminal 54. For this example, com- 
pound mixer circuit 42 includes transconductance circuit 58, 
mixer circuits 14A and 14X, and output circuit 74. The 
output of mixer circuit 14Ais connected to the first input of 
mixer circuit 14X. Additionally, counters 28 A and 28X 



mixer circuit 42. Transistors 68A and 72A have bases that 
are commonly connected to each other and serve as terminal 
SOB of compound mixer circuit 42. The letters A and B have 
been appended to reference number 50 to indicate that the 
signal received at terminal 50 (FIG. 3) is a differential signal 
applied to terminals 50A and SOB. Further, transistors 66 A 
and 72A have collectors that are commonly connected to 
each other and serve as terminal 51 A. Transistors 68 A and 
70A have collectors that are commonly connected to each 
other and serve as terminal SIB. 

Mixer circuit 14B includes transistors 66B and 68B 
connected as a first differential pair, wherein the emitter of 
transistor 66B is connected to the emitter of transistor 68B. 
The commonly connected emitters of transistors 66B and 
68B are connected to terminal 51A. Transistors 70B and 72B 
are connected as a second differential pair, wherein the 
emitter of transistor 70B is connected to the emitter of 
transistor 72B. The commonly connected emitters of tran- 
sistors 70B and 72B are connected to terminal 51 B. 

Transistors 66B and 70B have bases that are commonly 
connected and serve as terminal 52A of compound mixer 
circuit 42, Transistors 68B and 72B have bases that are 
commonly connected and serve as terminal 52B of com- 
pound mixer circuit 42. The letters A and B have been 
50 appended to reference number 52 to indicate that the signal 
received at terminal 52 (FIG. 3) is a differential signal 
applied to terminals 52A and 52 B. Further, transistors 66B 
and 72B have collectors that are commonly connected and 
serve as terminal 53A Transistors 68B and 70B have 



35 



40 



provide signals through respective phase shifter circuits 30A 55 collectors that are commonly connected and serve as termi- 



and 30X to terminals 50 and 56. The letter "X" indicates that 
any number of mixer circuits, phase shifters, and counters 
can be included in compound mixer circuit 42. 

It should be noted that frequency translation circuit 40 of 
FIG. 3 includes signals from divide-by-N counters 28 A, 
28B, . . . , and 28X, as inputs to each of the corresponding 
mixer circuits 14A, 14B, . . . , and 14X of compound mixer 
circuit 42. Thus, terminals 50, 52, . . . , 56 of compound 
mixer circuit 42 may receive a signal having a frequency less 



nal 53 B. The letters and A and B have been appended to 
reference number 53 to indicate that these output terminals 
of mixer circuit 14B receive differential signals. 

Mixer circuit 14X includes transistors 66X and 68X 
60 connected as a first differential pair, wherein the emitter of 
transistor 66X is connected to the emitter of transistor 68X. 
The commonly connected emitters of transistors 66X and 
68X are coupled to terminal 53A. Transistors 70X and 72X 
are connected as a second differential pair, wherein the 



than the frequency of the signal V 0 sc- Further, mixer 65 emitter of transistor 70X is coupled to the emitter of tran- 
circuits 14A, 14B, . . . , 14X, local oscillator 26, and phase sistor 72X. The commonly connected emitters of transistors 
shifters 30A, 30B, . . . , 30X have been illustrated as having 70X and 72X are coupled to terminal 53 B. It should be noted 
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that the ellipses in FIG. 4 indicate that there may be any 
number of mixer circuits. 

Transistors 66X and 70X have bases that are commonly 
connected to each other and serve as terminal 56A of 
compound mixer circuit 42. Transistors 68X and 72X have 
bases that are commonly connected to each other and serve 
as terminal 56B of compound mixer circuit 42. The letters A 
and B have been appended to reference number 56 to 
indicate that the signal received at terminal 56 (FIG. 3) is a 
differential signal applied to terminals 56Aand 56B. Further, 
transistors 66X and 72X have collectors that are commonly 
connected and serve as terminal 54A. Transistors 68X and 
70X have collectors that are commonly connected and serve 
as terminal 54B. The letters and A and B have been 
appended to reference number 54 (FIG. 3) to indicate that 
these output terminals of mixer circuit 14X transmit a 
differential output signal \F oirr 

Further, compound mixer circuit 42 includes a transcon- 
ductance circuit 58 and an output circuit 74. Transconduc- 
tance circuit 58 includes a differential pair of NPN bipolar 
transistors 62 and 64. The emitters of transistors 62 and 64 
are commonly connected to form a virtual terminal that is 
coupled through a current source 60 to a power supply 
conductor such as, for example, or ground. The com- 
mon connection of the emitters of transistors 62 and 64 is 
referred to as a virtual terminal because a virtual ground is 
formed during Alternating Current (AC) operation. The 
bases of transistors 62 and 64 are connected to respective 
terminals 48Aand 48B of compound mixer circuit 42. The 
letters A and B have been appended to reference number 48 
to indicate that the signal RF /Ar received at terminal 48 (FIG. 
3) is a differential signal applied to terminals 48A and 48B. 

Output circuit 74 of compound mixer circuit 42 includes 
pull-up resistors 76 and 78. Terminal 54A is coupled to a 
power supply conductor via resistor 76 for receiving an 
operating voltage such as, for example, V cc . Further, ter- 
minal 54B is coupled to the power supply conductor via 
resistor 78 for receiving, an operating voltage such as, for 
example, V cc . Alternatively, resistors 76 and 78 could be 
replaced with current mirrors and a push-pull driver circuit 
(not shown). The output of the push-pull driver circuit would 
provide a single-ended signal at terminal 54. 

The type of transistor in compound mixer circuit 42 is not 
a limitation of the present invention. For example, transis- 
tors having a control terminal and two current carrying 
terminals such as, for example, Metal Oxide Semiconductor 
Field Effect Transistors (MOSFETs), Gallium Arsenide 
Field Effect Transistors (GaAs FETs), or the like, could be 
used. Compound mixer circuit 42 includes a plurality of 
mixer circuits 14A, 14B, . . . , 14X coupled between a 
transconductance circuit 58 and an output circuit 74. The 
number of mixer circuits 14A, 14B, . . . , 14X is not a 
limitation of the present invention. 

Referring to FIGS. 3 and 4, the operation of compound 
mixer circuit 42 will now be described. In operation, mixer 
circuit 14A receives the input signal RF IJsr and provides an 
output signal that is translated to a lower frequency. The 
frequency of the output signal is set in accordance with the 
signal generated by counter 28A, The signal at the output of 
counter 28 A is set in accordance with select signal N JJSLA 
and may be lower than that of signal V 05C . Mixer circuit 
14B receives the signal from mixer circuit 14A and provides 
an output signal that is translated to a lower frequency in 
accordance with the signal generated by counter 28B. In 
general, each mixer circuit 14A, 14B, . . . , 14X generates an 
output signal whose carrier frequency differs from that of the 
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30 



35 



40 



45 



50 



55 



60 



65 



input signal received from the previous mixer circuit by the 
frequency of the signal generated by the corresponding 
counter 28A, 28B, . . . , 28X. 

FIG. 5 is a schematic diagram of a quadrature compound 
mixer circuit 80 in accordance with another embodiment of 
the present invention. Quadrature compound mixer circuit 
80 can be described with reference to FIGS. 3 and 5, where 
compound mixer circuit 42 is configured to receive differ- 
ential signals. In other words, quadrature compound mixer 
circuit 80 is comprised of a transconductance circuit 58 that 
receives the differential input signal RF /JV at terminals 48A 
and 48B and provides differential signals at terminals 49A 
and 49B. Mixer circuit 14A receives the differential signals 
at terminals 49A and 49B and differential signals generated 
by counter 28A at terminals 50A and SOB and provides 
differential signals at terminals 51A and 51B. 

Quadrature compound mixer circuit 80 includes a second 
mixer circuit 82B that is coupled to mixer circuit 14A. 
Briefly referring to FIG. 3, an embodiment having two mixer 
circuits includes mixer circuits 14A and 14X. Mixer circuit 
14X has differential inputs at terminal 56 (FIG. 3) and can 
be replaced by mixer circuit 82B, which has differential 
quadrature inputs (FIG. 5). In this embodiment, counter 28X 
and phase shifter 30X (FIG. 3) generate quadrature signals 

It should be 
out-of -phase with 
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noted that signals S 0 and S 180 are 180° 
respect to each other. Similarly, signals S 90 and S 270 are 180° 
out-of-phase with respect to each other. Further, signals S 0 
and S 90 have a quadrature relationship, i.e., signals S 0 and 
S e0 are 90° out-of-phase with respect to each other. 

Mixer circuit 82B includes four differential pairs of KPN 
bipolar transistors. More particularly, mixer circuit 82B 
includes differential transistor pairs 84B and 88B, differen- 
tial transistor pairs 86B and 90B, differential transistor pairs 
92B and 96B, and differential transistor pairs 94B and 98B. 
Transistors 84B, 86B, 88B, and 90B have emitters that are 
commonly connected to each other and serve as terminal 
51A. Transistors 92B, 94B, 96B, and 98B have emitters that 
are commonly connected to each other and serve as terminal 
51B. The letters A and B have been appended to reference 
number 51 to indicate that terminals 51A and 51B receive 
differential signals. 

Transistors 84B and 92 B have bases that are commonly 
connected to each other and receive the signal S 0 . Transis- 
tors 86B and 94B have bases that are commonly connected 
to each other and receive the signal S 90 . Transistors 88B and 
96B have bases that are commonly connected to each other 
and receive the signal S 180 . Transistors 90B and 98B have 
bases that are commonly connected to each other and 
receive the signal S 270 . Further, transistors 84 B and 96 B 
have collectors that are commonly connected to each other 
and serve as terminal 110A. Transistors 88B and 92B have 
collectors that are commonly connected to each other and 
serve as terminal 110B. Transistors 90B and 94B have 
collectors that are commonly connected to each other and 
serve as terminal 112 A. Transistors 86B and 98B have 
collectors that are commonly connected to each other and 
serve as terminal 112B. The letters and A and B have been 
appended to reference numbers 110 and 112 to indicate that 
terminals 112A and 112B supply differential quadrature 
signals. 

Quadrature compound mixer circuit 80 further includes an 
output circuit 100 having inputs connected to terminals 
110A, HOB, 112A and 112B of mixer circuit 82B. Terminals 
llOA, HOB, 112A and 112B are coupled via respective 
resistors 102, 104, 106 and 108 in output circuit 100 to a 
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power supply conductor such as, for example, V cc . It should 
be noted that output circuit 74 (FIG. 3) provides differential 
outputs, whereas output circuit 100 (FIG. 5) provides dif- 
ferential quadrature outputs. In other words, the differential 
signal supplied at terminals 110 A and HOB has a quadrature 5 
relationship with the differential signal supplied at terminals 
112 A and 112B. 

Referring now to FIGS. 3 and 5, the operation of quadra-, 
ture compound mixer circuit 80 is described. A frequency 
translation of the signal RF /iV to a lower frequency occurs in 10 
mixer circuit 14A. The lower frequency is determined by the 
frequency of the signal generated by counter 28 A. In 
addition, a second frequency translation of the signal 
received from mixer circuit 14A occurs in mixer circuit 82B. 
The lower frequency is determined by the frequency of the 15 
signal generated by counter 28X. Counter 28X and phase 
shifter 30X generate the quadrature signals S 0 , S^, S 180 and 
S 270 for mixer circuit 82B. Mixer circuit 14A translates the 
frequency of the signal RF^ to a lower frequency in 
accordance with select signal for counter 28A. Mixer 20 
circuit 82B translates the frequency of the signal received 
from mixer circuit 14A to a lower frequency in accordance 
with select signal N SELX for counter 28X. The differential 
signal at terminals 112A and 112B has the same frequency 
as the signal at terminals 11 OA and HOB, but has a quadra- 25 
ture phase relationship. 

By now it should be appreciated that a structure and a 
method have been provided for translating a signal in the RF 
frequency range to a lower frequency. The use of counters to 
generate a frequency that is substantially different from the 30 
frequency of the reference signal RF W prevents the "pull- 
ing" or "pushing" of the LO signal away from a nominal 
frequency. 

What is claimed is: 

1. A frequency translation circuit, comprising: 35 
a first mixer circuit having a first input coupled for 

receiving a first signal and a second input coupled for 

receiving a second signal; 
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a second mixer circuit having a first input coupled to an 
output of the first mixer circuit and a second input; and 

a counter having a first terminal coupled to the second 
input of the first mixer circuit and a second terminal 
coupled to the second input of the second mixer circuit 
to provide signals at the second inputs of the first and 
second mixer circuits having frequencies different from 
one another. 

2. The frequency translation circuit of claim 1, further 
comprising a phase shifter having an input coupled to an 
output of the counter and an output coupled to the second 
input of the first mixer circuit. 

3. The frequency translation circuit of claim 1, further 
comprising a phase shifter having an input coupled to an 
output of the counter and an output coupled to the second 
input of the second mixer circuit. 

4. A compound mixer circuit for translating a frequency, 
comprising: 

a first mixer circuit having first and second input terminals 

and an output terminal; 
a first counter having an input coupled for receiving an 
input signal; 

a first phase shift circuit having an input coupled to an 
output of the first counter and an output terminal 
coupled to the second input terminal of the first mixer 
circuit; 

a second mixer circuit having a first input terminal 
coupled to the output terminal of the first mixer circuit; 
a second counter having an input coupled for receiving 

the input signal; and 
a second phase shift circuit having an input coupled to an 
output of the second counter and an output terminal 
coupled to a second input terminal of the second mixer 
circuit. 

***** 
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